Hydrocotyle kollimalayensis, a new species is described and illustrated from Kolli hills of South Eastern Ghats, Tamil Nadu, India. The new species is morphologically closer to H. sibthorpioides, but differs from the latter by its filiform stem, glabrous peduncle, shorter petiole and narrower flowers. The most prominent features of the new species Hydrocotyle kollimalayensis are: stem filiform with silky setaceous hairs; leaves sparsely hirsute above and dense below, 5-lobed; flowers 6-12 per inflorescence with glabrous peduncle; and fruits ellipsoidal with 3 obscure ribs. A key to distinguish the new species from other Hydrocotyle species of Tamil Nadu, India is provided. We also inferred the relationship of H. kollimalayensis with allied species using molecular phylogenetic analyses based on nrDNA ITS sequence data.
Introduction
(CAL), Madras Herbarium, Southern Regional Center, Coimbatore (MH), Sikkim Himalayan Regional Center, Gangtok (BSHC), Arunachal Pradesh Regional Center, Itanagar (ARUN), Eastern Regional Center, Shillong (ASSAM), and Northern Regional Center, Dehradun (DD).
For molecular study, the taxa along with sources and GenBank accession numbers are provided in Appendix 1. Leaf sample of H. kollimalayensis, H. sibthorpioides, H. javanica and H. conferta were collected during various plant exploration trips in Tamil Nadu, India. All the voucher specimens including the holotype of H. kollimalayensis have been deposited at the Madras Herbarium (MH). The leaf materials were fixed in silica gel. Total DNA was extracted using the DNeasy Plant Mini Kit (Qiagen, Valencia, CA, USA). The nuclear ribosomal DNA (nrDNA) Internal Transcribed Spacer (ITS) region was amplified using the primers ITS1 and ITS4 (White et al., 1990) . PCR products were purified using SolGent PCR Purification Kit-Ultra (Solgent, Daejeon, South Korea) and sequenced employing the primers ITS1 and ITS4 in 10 µl reactions including 2 µl BigDye, 1 µl primers (20 pM) and template DNA, and deionized water to reach the final reaction volume. Cycle sequencing used 25 cycles of 96°C for 10 s, 50°C for 5 s, and 60°C for 4 min. Sequencing products were visualized on an ABI Prism 377 automated DNA sequencer. Each sample was sequenced in both the sense and anti-sense direction. The sequences were analyzed by the ABI Sequence Navigator software (Perkin-Elmer/Applied Biosystems). Nucleotide sequences of both the DNA strands were obtained and compared with the forward and reverse sequence to ensure the accuracy.
The nrDNA ITS sequences of Hydrocotyle species available in the GenBank were retrieved (Appendix 1) for comparison and phylogenetic analysis. The GenBank retrieved sequence of Centella asiatica (L.) Urban was selected as outgroup in the analysis as a follow up of Choi and Park (2012) . Sequences were aligned using Clustal X (Thompson et al., 1997) . The aligned sequence was subsequently adjusted manually using BioEdit (Hall, 1999) . All sequences generated in the present study were deposited in GenBank. We constructed phylogenies using the Maximum Parsimony (MP) method implemented in MEGA v. 4.0 (Tamura et al., 2007) . In the analyses, gaps were treated as missing data. Support for internal nodes was assessed using bootstrap analysis (Felsenstein, 1985) of 1000 replicates with 100 random additions per replicate and holding 10 trees at each step. Perennial herbs. Stem weak, slender, filiform, silky setaceous, creeping, rooting at nodes. Leaves simple, pale green, sparsely hirsute above and dense below, membranous, base cordate, 1.5-2.0 cm wide, 1.0-1.5 cm long, angular, margin shallowly 5-lobed, lobes acute or obscurely triangular, middle lobe larger than the others, crenate, subequal. Petioles slender, 2-4 cm long, with white reflexed hirsute hairs above. Umbels simple, 6-12 flowered, globose; peduncle 1.0-2.5 cm long, glabrous, axillary, slender. Flowers sub-sessile or very shortly pedicillate. Petals ovate, white, entire, minute, c. 0.2 mm long, triangular, acute. Stamens 5, minute, slightly incurved in bud; filaments short, c. 0.1 mm long; anthers bilobed. Ovary minute, ellipsoidal, greenish; style 1, persistent; stylopodium slightly elevated. Fruits ellipsoid, compressed, with obscure dorsal edges, glabrous, 3-ribbed, ribs obscure, subequal, c. 1.2 mm long and c. 1 mm wide, glabrous above, minutely granulate at base, pale brown.
Results and Discussion
Phenology: Flowering and fruiting occurs almost throughout the year. Distribution: Hydrocotyle kollimalayensis is known from Solakkadu, near observatory, Kolli hills of Southern Eastern Ghats in Tamil Nadu, India (Fig. 2) . It grows in between 1200 to 1350 m elevation.
Etymology: The new species is named after the type locality Kollimalai, from where we collected the plant populations.
Conservation status: The new species, according to IUCN Red list category (IUCN, 2012), is considered under 'Endangered' category (EN, criteria B).
Notes: Hydrocotyle kollimalayensis is morphologically similar to H. sibthorpioides, however, it differs from the latter by its filiform stem with silky setaceous hairs, more number of flowers per inflorescence, glabrous peduncle and obscure ribs on fruits. A comparative account of H. kollimalayensis with its closely related species H. sibthorpioides, H. conferta and H. javanica is presented in Table 1 . The morphological characters which are used to delimit the species of Hydrocotyle include habit, stem, leaves, flowers and fruits. However, the genus Hydrocotyle shows much variation in morphological characters, which often creates difficulties in demarcating the taxonomic ranks at or below the species level (Hiroe, 1979) . Earlier floristic reports (Gamble, 1935; Matthew, 1983) from Tamil Nadu (India) represented only three species of Hydrocotyle L. i.e. H. conferta, H. javanica and H. sibthorpioides. Hydrocotyle kollimalayensis is allied to H. sibthorpioides which can be evidenced from the morphological comparison (Table 1) . 
Phylogenetic relationship
The phylogenetic relationship of Hydrocotyle kollimalayensis with its allied species is presented in Figure 3 . The combined length of the entire ITS region (ITS1, 5.8S and ITS2) in the species included ranged from 604-625 bp. The length of ITS1 region ranged from 208-230 bp, the 5.8S gene was 161 bp, and the length of ITS2 region varied from 227-237 bp. In H. kollimalayensis, the combined length of the ITS region was 606 bp (the length of ITS1 and ITS2 region was 210 bp and 235 bp, respectively). Aligned data matrix has a total number of 656 characters of which 450 characters were constant, 113 characters were variable but parsimonyuninformative, and 99 were parsimony-informative. Insertions and deletions (indels) were necessary to align the sequences. Indels ranged from 1-17 bp. The parsimony analysis of the entire ITS region resulted into 14 Maximum Parsimony Trees (MPTs) with a length of 88 steps, a consistency index (CI) of 0.711, a homoplasy index (HI) of 0.201, rescaled consistency index (RC) of 0.503, and a retention index (RI) of 0.727.
In MPTs, H. kollimalayensis shows proximity (bootstrap support 86%) with H. conferta and H. javanica, and is clearly distinct from H. sibthorpioides (Fig. 3) . A comparison of nrDNA ITS sequence of H. kollimalayensis with the allied species H. javanica, H. sibthorpioides and H. conferta reveals the differences of 25, 33 and 42 bp, respectively. 
